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DESCRIPTION OF PROBLEM
Selenium supplementation of animal feeds has been a regular practice for many years, mostly because Se in plant ingredients is usually below animal requirement levels, but also because of its high variability [1] . More recently, the form of Se used in supplements has been the target of many investigations and Se-methionine has frequently been suggested as a complementary source, especially for broiler breeders [2] .
The concentration of Se in plants is dependent on its concentration in the soil and on the soil chemical conditions, which affect its availability for growing plants [3] . Cereals and forages convert a large part of Se absorbed from the soil into Se-methionine, which is further incorporated in polypeptides. In seleniferous corn, wheat, and soybeans, Se-methionine makes up 80% of the total Se [4] . As with other amino acids, Se-methionine exists in the levo or dextro isomeric form; however, only the levo form occurs naturally in plants [2] .
Sodium selenite (Na 2 SeO 3 ) has been the most common form of Se supplementation in broiler feeds. However, the use of this inorganic form has been questioned because of some negative characteristics, such as toxicity, interactions with other minerals, poor retention and low efficiency in the transference into milk and meat, and poor ability to maintain Se reserves in the body [5] . Fermentation by yeast colonies of saccharomyces cerevisiae enriched with Na 2 SeO 3 has been a traditional form of producing organic Se, which has demonstrated increased body retention when compared with inorganic sources [6] . Most Se-enriched yeast products have Semethionine as the predominant form of Se; however, its concentration can vary markedly [1] . In addition, molecular differences between commercial presentations exist and potentially can affect Se availability to animals.
The development of the chick embryo is dependent on the deposition of nutrients in the egg by the hen. Some nutrient concentrations increase in the egg if higher levels are fed to the hen. In parallel, it is believed that the faster development experienced by broilers with the present genetics as well as stress factors could lead to overproduction of free radicals. An increase in free radicals has been correlated with reductions in productive and reproductive performance [5] .
Selenium is an integral part of glutathione peroxidase, which eliminates some sources of free radicals from metabolic activity [7] . Therefore, increasing the concentration of Se in eggs may favor additional protection during incubation and immediately after hatching. The objective of this study was to evaluate the transference of Se from broiler breeders into their eggs from Na 2 SeO 3 or Zn-l-Se-methionine (ZnSeMet).
MATERIALS AND METHODS
Sixty Cobb 500 broiler breeders [8] , 22 wk of age, were weighed and placed individually in steel cages, 0.33 cm wide × 46 cm deep × 0.40 cm high. Hens were fed a basal diet without Se supplementation until 25 wk, when they began to be fed the experimental diets. Two Se sources were evaluated in this study: Na 2 SeO 3 , which has traditionally been used, and ZnSeMet, a novel form of organic Se, which is chemically synthesized [9] . Dietary treatments were prepared with the incorporation of 0.1% Se mixes from the 2 sources into the basal feed as follows: treatment 1, 0.15% Se from Na 2 SeO 3 ; treatment 2, 0.30% Se from Na 2 SeO 3 ; treatment 3, 0.15% Se from ZnSeMet; treatment 4, 0.30% Se from ZnSeMet; and treatment 5, 0.15% Se from Na 2 SeO 3 and 0.15% Se from ZnSeMet. Breeders were assigned to treatments in a completely randomized design with 10 replications each. Two birds from each treatment were maintained aside in individual cages in the same house to replace mortalities. Treatment diets were fed for 8 wk.
The basal feed was formulated with corn, soybean meal, and wheat bran according to the Brazilian tables [10] (Table 1 ). This feed was first mixed without any supplementation of Se in 100-kg batches. All diets were offered as mash following the recommendations in the Cobb Breeder Management Guide [11] .
Egg production and egg weight were recorded daily, whereas specific gravity was measured twice a week from 25 to 32 wk. Eggs were broken daily and the whole contents were stored frozen (−18°C) as a pool from 2 hens for the two 4-wk periods, resulting in 5 samples per treatment. Egg contents were thawed and mixed after the end of each period and were analyzed for Se concentrations by using a ZEEnit 600 model [12] transversely heated graphite furnace atomic absorption spectrometer equipped with an MP-60 autosampler. The light source was a hollow cathode lamp operating at a 7-mA current at the 196.0-nm resonance line. A pyroliticcoated graphite tube platform was used. Atomic signals were measured in the peak area mode. High-purity argon (99.99% purity) was used as the purge gas [13, 14] . The experiment was a completely randomized design in a 2 × 2 + 1 factorial arrangement with 2 periods. Responses were submitted to a 2-way ANOVA with repeated measures by using SAS procedures, followed by Tukey's test [15] . Mortality data were analyzed after arcsine transformation, and Tukey's test was used to separate the means when the treatment difference was significant (P < 0.05).
RESULTS AND DISCUSSION
Analyzed Se in the basal diet was 0.15 ppm, whereas the calculated value was 0.16 ppm. Analysis of experimental feeds demonstrated a total amount of Se that was consistent with the incremental supplemented values of the inorganic and organic sources ( Table 2) .
Hen-day egg production and egg weight could be considered typical for broiler breeder flocks (Table 3 ). There was a significant interaction (P < 0.05) between Se source, Se level, and period for egg production. Hens receiving 0.30 ppm of ZnSeMet had the greatest reduction in production from the first to the second period; however, there was no difference among all the other treatments. The reduction in production of hens fed 0.30 ZnSeMet resulted from a higher peak of production for that treatment in the first period because there were no differences on the second period. There were no significant treatment differences for egg weights at any measured moment (P > 0.05; Table 4 ). Specific gravity was not affected by the treatments (P > 0.05; Table 5 ); however, mean values decreased from the first to the second period (P < 0.01). Regardless of the source or level of Se used to supplement the treatment, a higher Se deposition was observed in eggs produced in the second period (P < 0.01; Table 6 ). An interaction between Se source and level was observed (P < 0.01), which translated into an increase in Se concentration in eggs only when the organic source was used (P < 0.01).
Previous investigations using Se from different sources, including inorganic and yeast sources, showed effects on egg production only when the level of Se in the feed was low [16] . In the present study, birds receiving 0.30 ppm of Se from ZnSeMet had a higher production in the first period, which led to a significant difference in egg production between the 2 periods. In the first period, birds were still increasing daily egg production toward the peak; therefore, it could be assumed that the higher incorporation of Se from ZnSeMet into egg contents may have been due to its greater incorporation into egg proteins.
Studies comparing sources of inorganic and organic Se with respect to egg weight are contradictory. Apparently, levels of Se, which increase egg weight, were higher than those used in practical breeder or laying hen diets or when practical levels are compared with nonsupplemented feeds. Payne et al. [17] found a linear increase in egg weight when Se yeast supplementation ranged from 0 to 3 ppm. Whether higher concentrations of Se in feeds would affect total protein synthesis, and therefore egg weight, is still unknown. Organic Se incorporation into the egg has been suggested to be in a large fraction as Se-methionine [18] . Methionine supplementation per se has been shown to affect egg weight positively [19] . A similar response for Se-methionine, which leads to increased egg weight, could be expected if it were fully incorporated into egg proteins. Apparently, this is possible because transfer RNA cannot differentiate between Se-methionine and methionine [3] . Regardless of the source, concentrations of Se in eggs were dependent on the period of supplementation, which seems to be an indication of a cumulative incorporation of Se into egg contents. In rats, increasing Se-methionine supplementation led to higher concentrations of Se in animal tissue until a plateau was reached [20] . Supposedly, this maximum incorporation occurred in parallel with methionine incorporation into tissue proteins. In the case of the egg, this accumulation should occur in the liver and oviduct cells, which synthesize yolk and albumen proteins, respectively [21, 22] . An accumulation of Se was also expected from inorganic sources. Higher animals cannot synthesize Semethionine [6] , but Se from selenite plus serine can produce Se-cysteine, which can be further incorporated into body proteins [23] . A similar path could be expected from inorganic Se, which would result in increased concentrations in egg proteins, although the magnitude of the response was less than with Se-methionine.
In this study, the hens received dietary treatments for a total of 8 wk. Increased Se was found from the first to the second period. An increased concentration was expected after a period of sup- [24] ; however, the concentration in eggs seemed to be maximized after 4 wk of feeding laying hens a Se yeast [25] .
In this study, there were no differences in egg Se concentrations when hens were fed 0.15 ppm of supplemental Se from different sources. However, hens fed 0.30 ppm had eggs with an increased deposition of Se when the feed source was ZnSeMet or when both sources were combined in the same diet. Other studies have shown increased Se bioavailability for egg deposition when organic sources were compared with in- Means within line with no common superscript are significantly different. **P < 0.01; NS = nonsignificant (P > 0.05).
organic sources [16, 17, 25, 26] . Our data demonstrated that the supplementation of ZnSeMet led to a higher deposition of Se in egg contents when compared with Na 2 SeO 3 , likely because of a faster transference of this source into egg proteins. This hypothesis takes in account the need for Se to be incorporated first into cysteine and then into animal proteins [27] .
CONCLUSIONS AND APPLICATIONS
1. Egg weight and specific gravity were not affected when Se was supplemented from Na 2 SeO 3 or ZnSeMet. 2. Egg Se increased continuously during 8 wk of supplementation regardless of the supplementation from Na 2 SeO 3 or ZnSeMet. 3. Selenium contents in egg white plus yolk resembled the levels added to the feeds. 4. Deposition of Se in egg contents was higher when Se was from ZnSeMet or a racemic mixture of the 2 sources. Means within columns with no common superscript are significantly different. *P < 0.05; **P < 0.01; NS = nonsignificant (P > 0.05).
